SYNOPSIS Serum hepatitis (Australia) antigen in the sera of hepatitis patients and carriers can be detected in one and a half to three hours by crossover electrophoresis. The method is more sensitive than the immunodiffusion technique commonly employed in this field. It is of the same order of sensitivity as complement fixation but is less complicated.
SYNOPSIS Serum hepatitis (Australia) antigen in the sera of hepatitis patients and carriers can be detected in one and a half to three hours by crossover electrophoresis. The method is more sensitive than the immunodiffusion technique commonly employed in this field. It is of the same order of sensitivity as complement fixation but is less complicated.
Crossover electrophoresis is thus the method of choice for the rapid screening of sera for hepatitis antigen; complement fixation may be used for quantitative determination of antigen in positive cases.
Immunodiffusion and complement-fixation tests have been used for the detection of a specific antigen which appears in the blood late in the incubation period and early in the acute phase of serum hepatitis. It is called variously Australia antigen (Blumberg, Gerstley, Hungerford, London, and Sutnick, 1967) , SH antigen (Prince, 1968) , and hepatitis antigen ; electron microscopy shows that it is constantly associated with the presence in the serum of spherical particles about 20 nm in diameter. Larger particles have been described by Dane, Cameron, and Briggs (1970) . These are approximately 42 nm in diameter and consist of antigen-coated structures resembling virus particles. The outer layer may be the source of the 20 nm particles and the characteristic tubular forms of similar width that are sometimes seen.
In both immunodiffusion and complementfixation tests (Purcell, Holland, Walsh, Wong, Morrow, and Chanock, 1969; Shulman and Barker, 1969) and more frequently positive in patients with hepatitis (Cossart and Vahrman, 1970) .
Received for publication 10 December 1970. 8 Positive tests for antigen have been obtained in persons incriminated on epidemiological grounds as carriers of serum hepatitis virus (Gocke, Greenberg, and Kavey, 1969; Turner and White, 1969; Zuckerman and Taylor, 1969) and it is clear that a simple but sensitive test for antigen may be the key to controlling hepatitis associated with techniques which require blood transfusions, including major surgery and haemodialysis. The complementfixation test, although the more sensitive of the two tests most commonly used, is time consuming and involves difficulties of interpretation when sera are anticomplementary (Gocke, Greenberg, and Kavey, 1970) . Prozone effects, too, are not uncommon and in consequence relatively large amounts of detector serum must be used. These are serious disadvantages if, for example, mass screening of blood donors is contemplated.
For the detection of small amounts of antigen in forensic practice, Culliford (1964) used crossover or counter-electrophoresis and this technique has also been tried as a rapid and sensitive test for SH (Australia) antigen (Pesendorfer, Krassnitzky, and Wewalka, 1970; Gocke and Howe, 1970; Prince and Burke, 1970 (Prince, 1968; Turner and White, 1969) . The gel consisted of 0 9 % agarose (B.D.H.) dissolved in a buffer consisting of 0-1M sodium chloride, 0*01M tri (hydroxymethyl) methylamine (Tris), and 0-001M ethylenediamine tetraacetic acid (EDTA) containing 1 mg per ml protamine sulphate. The detector antiserum was from a haemophilic patient who had received more than 9,000 units of blood or blood products. Preliminary tests showed that lines of precipitation were sharper and that weak reactions were more clearly defined when the antiserum was extracted with acetone and ether (Havens, 1958) and the resultant powder reconstituted in distilled water to one-quarter of the original serum volume. Further improvement in clarity was obtained by initial incubation of the tests at 37°C; some sera which were negative when tested at room temperature gave weak positive reactions after incubation at 37°C for 18 hours. All immunodiffusion results reported here relate to tests with concentrated antiserum which were read after incubation in a humid atmosphere at 37°C for 18 hours and subsequently at room temperature for two days.
COMPLEMENT FIXATION
For these tests a four-volume microtechnique was used with Takatsky pipettes which delivered 0-025 ml volumes of the test serum in doubling dilutions from 1/2 to 1/256, antiserum (unconcentrated) at optimal dilution, complement (2 units), and sensitized sheep erythrocytes (2 % suspension). All sera were inactivated at 56°C for 30 minutes. Fixation of complement took place at 4°C overnight.
The optimal dilution of antiserum was determined by the chequerboard method with, as a source of antigen, serum obtained from a patient just before the onset of clinical hepatitis when by electron microscopy tubular and spherical forms of antigen without clumping were seen. An antigen-positive serum with a complement-fixation titre determined by tests with several different antisera by Dr Y. E. Cossart reacted to titre with our antiserum at optimal dilution. (Figure) . Results
ACUTE PHASE OF SERUM HEPATITIS
Specimens of serum, taken within three weeks of the onset of the disease, were available from 28 patients. These included eight who had developed hepatitis 60 or more days after blood transfusions; five, of whom three were drug addicts, with hepatitis clearlyrelatedtoinjections;and 15 withhaemodialysisassociated hepatitis, 11 of whom were staff of a haemodialysis unit and four relatives of patients on home dialysis. (Turner and White, 1969) . Sera from five of these patients, all with complement-fixation titres of 1/256 or more, were tested by the crossover electrophoresis technique; in each case, a typical strong reaction was obtained with the development of a precipitin line in less than two hours. Sera from five patients from the same unit who had been consistently negative by immunodiffusion were also negative by the crossover electrophoresis and complement-fixation tests. We tested five sera taken at about yearly intervals from a patient on haemodialysis who developed hepatitis in 1966; all these samples, including that taken in 1970, were strongly positive by immunodiffusion and crossover electrophoresis tests and had complement-fixation titres of 1/256 or more.
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Discussion
Our findings confirmed those of other workers that complement fixation is more sensitive than immunodiffusion for the detection of serum hepatitis (Australia) antigen. This superiority was maintained despite improvements in the double-diffusion technique by the use of concentrated antiserum and preliminary incubation at 37°C. Gocke and Howe (1970) showed that crossover or counter electrophoresis was at least 10 times more sensitive than conventional immunodiffusion methods for the detection of Australia antigen in serial dilutions of serum. Crossover electrophoresis makes use of the fact that during electrophoresis in a negatively charged gel endosmotic flow causes the slow gamma globulins, including antibody, to be displaced towards the cathode, ie, in a direction opposite to that of the faster antigen. By Difficulties in interpretation may arise with anticomplementary sera. By contrast the crossover electrophoresis test is less complicated and can be completed within three hours. It is clear that the crossover electrophoresis and complement-fixation tests are the methods of choice for the detection of serum hepatitis antigen in cases of hepatitis. We have found that a convenient combination of the two tests is to screen sera initially by crossover electrophoresis and then to use the complement-fixation method for the quantitative determination of antigen in positive cases.
